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(57) ABSTRACT

The 1nvention relates to a piston of an internal combustion
engine comprising an upper part (1) and a lower part (3) that
consist of a respective light metal alloy (15) and to an asso-
ciated method for increasing the thermal load-bearing capac-
ity of a multi-part piston that 1s subjected to high thermal
stress 1n an internal combustion engine. The piston 1s pro-
vided with at least one 1insulating element, 1n particular a gap
(7) between the lower part (3) and the upper part (1), at least
one piston ring carrier (6), which consists of a different mate-
rial from that of the upper part (1) and the lower part (3), in
particular of steel or grey cast 1ron, being located next to said
gap as a component. A thermal current that 1s introduced into
the piston base (2) 1s prevented from dissipating via the piston

ring carrier (6) by means of the msulating element.

23 Claims, 4 Drawing Sheets
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PISTON WITH A LIGHTWEIGH'T
CONSTRUCTION THAT IS SUBJECTED TO
HIGH THERMAL STRESS

CROSS-REFERENCE TO RELAT
APPLICATIONS

s
w

This application claims priority of PCT Application No.

PCT/EP2005/011898 filed Nov. 8, 2005, which claims prior-
ity of German Application No. DE 10 2004 057 284 .4 filed

Nov. 26, 2004, which are both incorporated herein by refer-
ence.

FIELD OF THE INVENTION

The 1nvention pertains to a piston for an internal combus-
tion engine with an upper part and a lower part, each made
from a light metal alloy, as well as to associated methods.

BACKGROUND OF THE INVENTION

Particularly under a high thermal stress, a lightweight-
construction piston requires that thermal stress limits be met.

The problem of the present invention 1s to improve a ther-
mal maximum stress capacity of a highly thermally-stressed
piston for an mternal combustion engine and to also provide
a lightweight construction.

SUMMARY OF THE INVENTION

The problem of improving a thermal maximum stress
capacity ol a highly thermally-stressed piston 1s solved
according to the imnvention by a piston according to claim 1, a
method for the assembly of a piston according to claim 11,
and a method for influencing a heat dissipation according to
claim 14. Favorable arrangements and refinements are speci-
fied 1n the respective dependent claims.

In a piston according to the mnvention for an internal com-
bustion engine, preferably constructed from several parts,
with an upper part and a lower part each consisting of a light
metal alloy, the upper part and lower part are connected such
that at least one insulating element 1s present between the
lower part and the upper part adjacent to which element at
least one piston ring carrier made from a material other than
that of the upper part and lower part, in particular from steel
or grey cast 1ron, 1s arranged as a component and holds at least
one piston ring.

The upper part comprises, 1n particular, a piston head. The
lower part comprises, 1n particular, a piston skirt. The piston
ring carrier 1s preferably accommodated in a recess or a
groove 1n the lower part. Alternatively the piston ring carrier
1s mserted between the upper and the lower part. The lower
part preferably also comprises several piston ring carriers. A
ring held 1n a piston ring carrier 1s, 1 particular, a familiar
sealing ring.

In order to achieve a lightweight construction 1t 1s provided
that the light metal alloy comprises aluminum and/or beryl-
llum and/or magnestum. For example, the light metal alloy
contains aluminum and/or beryllium as the principal constitu-
ents, and additional constituents of, for example, magnesium
and/or copper and/or silicon and/or nickel and/or zinc. The
parts by weight preferably lie between 70 and 100% for
aluminum, between 0 and 30% for silicon, between 0 and
15% for magnesium, between 0 and 15% for copper, between
0 and 10% for zinc as well as between 0 and 10% for nickel.
Alternatively, the light metal alloy preferably contains a prin-
cipal constituent of beryllium, between 60 and 100% beryl-
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ltum, with between 0 and 40% aluminum and/or copper and/
or silicon and/or nickel. Alternatively, the light metal alloy
preferably contains a principal constituent of magnesium as
well as additional constituents of, 1n particular, aluminum
and/or copper and/or silicon and/or nickel. The parts by
weilght preferably lie between 70 and 100% for magnesium,
between 0 and 30% for silicon, between 0 and 20% for alu-
minum, between 0 and 13% for copper, between 0 and 10%
for zinc, as well as between 0 and 10% for nickel. The same
light metal alloy 1s preferably used for the upper and the lower
part ol the piston. Particularly to meet special material
requirements, however, different light metal alloys can be
used for the upper and the lower part.

The insulating element can be realized in various ways. In
particular, the insulating element has a lower thermal conduc-
tivity than the light metal alloy used for the piston. For
example, the insulating element made of ceramic 1s manufac-
tured, 1n particular, from zirconium oxide ceramics. For
example, the msulating element 1s manufactured from a tita-
nium-containing metal or steel. Additionally the nsulating
clement 1s manufactured from a foamed metal or one with a
microporous filling (e.g.: microporous silica).

In a preferred arrangement the insulating element 1s a gap.
Various arrangements ol the gap are described below,
although an 1nsulating element, particularly one made from
one of the atlorementioned materials, can be used correspond-
ingly 1n place of a gap.

The gap between the upper and the lower part can be
constructed in various ways. Preferably the gap 1s constructed
such that thermal insulation 1s achieved between the piston
head and the piston ring carrier. For this purpose, the gap 1s
constructed, for example, radially between the piston head
and the piston ring carrier relative to an axial main direction
of the piston. In a different manner, only a radial component
of the gap can run diagonally or 1rregularly diagonally. In
particular the gap can run up to the piston skirt surface.
Preferably the gap extends through the piston skirt surface, so
that the gap opens outward. Alternatively or additionally, a
gap 1s constructed in the axial direction. An axial component
ol the gap preferably extends 1n this case from the piston head
to the region of the piston ring carrier. Here, as well, only an
axial component of the gap can run diagonally or 1rregularly
diagonally. In a preferred arrangement, a compound gap com-
posed of aradial and an axial section 1s used. For example, the
gap forms a cylinder ring which 1s expanded laterally out-
ward, in particular at a right angle, in 1ts upper area. In another
variant several gap arrangements are combined.

In particular, such an arrangement of an insulating element,
in particular a gap, makes it possible to limit a temperature of
the piston ring carrier and thus of a piston ring held therein in
order to minimize, for example, wear of the piston ring car-
rier.

For an alternative or additional influence on a heat trans-
port i the piston, at least one thermally insulating ring, for
instance, 1s arranged between the upper part and a piston ring
carrier and/or a lower part. The thermally insulating ring 1s
arranged, for example, 1n the lower part, between the piston
ring carrier and the upper part. The piston ring carrier 1s
accommodated 1 a groove or a recess, for example. In
another arrangement, the thermally insulating ring 1s accom-
modated 1n the upper part. For example, the thermally 1nsu-
lating ring 1s arranged in a groove or a recess here as well.
Preferably the thermally mnsulating ring 1s used in place of a
part of a radial gap section. In particular, a thermally msulat-
ing ring increases the mechanical stability of a two-part or
multipart piston construction designed with a gap. Different
variants can be used to achieve a thermal insulation effect of
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the ring. In a first variant, a thermally 1insulating ring made of
a material with a low thermal conductivity 1s used. In particu-
lar, 1t 1s provided that a material for the production of the
thermally insulating ring comprises titantum. Preferably a
titanium alloy which, like titanium, has a smaller thermal
conductivity than that of the light metal alloy used for the
piston, 1s alternatively employed. In another design the ther-
mally msulating ring 1s manufactured from a ceramic. Pred-
erably a zircontum oxide ceramic 1s used.

In a second variant a ring implemented as a hollow body 1s
used. In a modification, a thermally insulating ring with a
U-shaped and thus an open cross section can also be used. Just
as when using a hollow body, the thermal conductivity is
reduced by an air gap. At the same time however, the ther-
mally insulating ring allows an increased mechanical stability
ol the piston construction compared with an ordinary gap. A
metal, preferably titanium or a titanium-containing alloy, 1s
particularly preferred as the material for a ring of the second
variant Alternatively, a ceramic, preferably a zirconium oxide
ceramic, can be used.

For a connection of the upper part and the lower part, 1t 1s
provided that the upper part 1s screwed to the lower part.
Preferably, the upper part and the lower part are constructed 1in
the area of the threaded connection such that the upper part
can be arranged as an 1nner piston skirt concentrically inside
an outer piston skirt of the lower part.

In another variant the upper part 1s welded to the lower part.
A resistance welding method, for instance, or welding with a
laser or electron beam 1s used for this purpose. Friction weld-
ing of the upper and lower parts, which are rotationally sym-
metric 1n the area of the weld, 1s particularly economical.

For improved cooling of the piston, a cooling chamber
through which a coolant can flow 1s used; its lower delimita-
tion 1s a delimitation element, in particular, a metal sheet
arranged below a piston head on a side facing away from a
combustion chamber. Preferably, o1l flows through the cool-
ing chamber. Another coolant can also be used, however. For
instance, a coolant 1s mjected for cooling via an entrance
opening into the cooling chamber. Preferably at least one
outlet 1s provided from which the coolant used for the cooling
can exit from the cooling chamber. In particular, the metal
sheet can be stamped 1n special form, for example 1n a mean-
der or other form for directing a coolant tlow, or can comprise
cooling ducts. The metal sheet 1s preferably mounted by
means ol clamping, especially preferably between the lower
part and the upper part of the piston. In another arrangement
the metal sheet 1s clamped 1n underneath the piston head by its
own spring tension. For this purpose, the metal sheet is
jammed, for example, 1nto a groove provided for 1t. Cooling,
with a coolant can be realized 1n this way with a lightweight
and easily produced component.

In a preferred arrangement the cooling chamber 1s 1n one
piece. Thus the cooling chamber does not contain an internal
delimitation for the coolant. Moreover, the one-piece cooling
chamber 1s easy to realize. In the one-piece design as well, a
continuous exchange of coolant 1s preferably provided by
means of an inlet opening and an outlet opening.

In accordance with another concept of the invention, 1t 1s
provided 1n a method for the assembly of a piston that the
upper part and lower part are put together and joined, with at
least one thermally msulating ring and/or at least the piston
ring carrier clamped between them. In particular, a simple
method for an easy assembly 1s thereby made available. A
piston ring carrier or a thermally insulating ring 1s placed, for
example, 1n a recess 1n the lower part and with an upper part
subsequently placed upon it clamped between the upper part
and the lower part. Alternatively, a piston ring carrier or a

10

15

20

25

30

35

40

45

50

55

60

65

4

thermally 1insulating ring 1s placed in, for example, a recess in
the upper part and with the lower part placed upon 1t accord-
ingly clamped between the upper and the lower part. In par-
ticular, several rings, several piston ring carriers, for example,
or a thermally msulating ring and a piston ring carrier or
several thermally 1nsulating rings are analogously clamped.
In a particularly favorable arrangement, at least one piston
ring carrier and/or one thermally 1insulating ring are shrink-fit
on a piston skirt. For example piston ring carriers and/or a
thermally insulating ring as well as the piston skirt are cooled
down and in the cooled down state the piston ring carriers
and/or the thermally insulating ring are pushed onto the pis-
ton skirt, for example into a recess. When these are warmed to
ambient temperature a fixed connection 1s created by the
different linear coetlicients of expansion. The linear coefli-

cient of expansion 1n this case 1s, for example, on the order of
22x107°/K, in particular between 15x10~°/K and 30x10~°/K,

for an aluminum alloy, whereas for grey cast 1ron 1t 1s only
roughly 10x107%/K, in particular between 5x107°/K and
15x107°/K.

A method for the assembly of a piston 1s provided for
producing the cooling chamber. The upper part and lower part
are put together and connected, a metal sheet being clamped
below the head on a side of a piston head facing away from the
combustion chamber such that a cooling chamber with a
coolant flowing through 1t 1s formed. Preferably the metal
sheet 1s inserted into the piston skirt onto a projection there
and subsequently clamped between the upper and the lower
part with the upper part placed upon 1t. With an appropnate
design, the upper and the lower part can be interchanged
analogously. In particular, easy assembly 1s made possible 1n
this way. Preferably, this method for assembly can be com-
bined with the method for assembly described above 1n which
a piston ring carrier and/or a thermally 1nsulating ring are
clamped in. In particular, both the metal sheet and the piston
ring carrier and/or a thermally insulating ring can be
assembled 1n one assembly process at the same time as the
joining of the upper and lower part of a piston.

In accordance with a further concept of the mvention, a
method 1s provided for influencing a heat dissipation of an
internal combustion engine piston that comprises an upper
part and a lower part, each made from a lightweight alloy, in
which method a heat flow introduced 1n a combustion process
into a piston head 1s prevented, by means of at least one
insulating element, 1n particular a gap 1n the piston, particu-
larly between the upper and lower part, from flowing off via
at least one piston ring carrier with at least one piston ring
accommodated therein into a cylinder associated with the
piston. In particular, a heat path 1s interrupted by the msulat-
ing element with 1ts preferably very low thermal conductivity.
This method preferably allows limitation of a temperature of
the piston ring carrier and thus of the piston ring. In particular,
the insulating element 1s arranged 1n such a way that a heat
path from the piston head to the piston ring carrier 1s inter-
rupted.

In a refinement of this method, the heat flow introduced
into the piston head 1s additionally prevented, by means of at
least one thermally insulating ring, {from flowing ofl via the
piston ring carrier with the piston ring held therein into a
cylinder assigned to the piston. In particular this ensures an
increased thermal resistance 1n the direction of the heat path
from the piston head to the piston ring carrier.

In accordance with a further concept 1t 1s provided that at
least one part of the heat tlow introduced 1nto the piston head
1s led by means of the msulating element, 1n particular the
gap, into a cooling space arranged underneath the piston head.
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For example, the insulating element represents a periphery of
a heat path, so that 1t becomes possible to direct the heat tlow.

In this way it 1s possible, 1n particular, to expose certain
regions ol the piston, preferably the area of the piston ring
carrier, to a smaller temperature stress. It 1s particularly pre-
terred for the heat tflow to be conducted into the cooling space,

for example, an o1l cooling space, where a particularly good
removal of the heat 1s possible.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention will be presented below, by way of example,
on the basis of drawings. The characteristics there are not
limited to the respective construction however. Rather, the
characteristics 1indicated in the drawings and the specifica-
tion, including the descriptions of figures, can be combined
and developed turther.

FI1G. 1 shows a profile of a first piston,

FI1G. 2, an axial projection of characteristic radii of the first
piston,

FIG. 3, an area of a piston ring carrier of a piston,

FI1G. 4, a profile of a second piston and

FIG. §, a distribution of a heat flow 1n a piston.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 shows a profile of a first piston. The longitudinal
section shown 1n FIG. 1 1s a section along a main axis of the
piston. Moreover, the cut 1s made along a piston pin axis, so
that the pin bosses of the piston are not visible 1n the section
shown.

The piston comprises an upper part 1 that comprises a
piston head 2 as well as a lower part 3, which comprises a
piston skirt 4. Upper part 1 and lower part 3 are fastened with
a connection 3. Connection 3 1s implemented 1n this example
as a threaded connection. However a welded joint or a sub-
sequently welded threaded connection can also be used.

Between upper part 1 and lower part 3 there 1s a gap 7 in the
area of a piston ring carrier 6. The gap 7 extends parallel to the
piston skirt 4 1n a first section, so that the gap 7 1n this section
forms a cylindrical-ring-shaped gap. In a second section, the
gap 7 1s formed radially, so that 1t separates upper part 1 with
piston head 2 from lower part 3 with piston ring carrier 6. A
thermally insulating ring 1s arranged 1n this second area of gap
7. Thermally insulating ring 8 thus separates piston ring car-
rier 6 from piston head 2. Thermally insulating ring 8 1s
formed 1n this example with a rectangular, downward-open
U-shaped cross section, so that an air gap results. An appro-
priate recess 9 1s provided in piston skirt 4 to accommodate
piston ring carrier 6 and thermally insulating ring 8 1n piston
skirt 4. The piston ring carrier and/or the thermally insulating
ring are fixed, for instance, by shrink-fitting.

For improved heat dissipation, an o1l cooling space 10 1s
provided underneath piston head 2. A lower limitation of an
01l cooling chamber 1s formed by a metal sheet 11 clamped
between a projection 12 of piston skirt 4 and upper part 1. A
first opening 13 and a second opening 14, respectively, are
provided for inflow and outflow of the oil. In the example
shown, these openings are realized by drll holes. In opera-
tion, o1l 1s 1injected through first opening 13. The imjected o1l
distributes 1tself on the lower surface of the piston head 2 and
runs back out via the second opening and/or the first opening.

A light metal alloy 15 1s used as the maternial for upper part
1, lower part 3 and metal sheet 11. Piston ring carrier 6 1s
manufactured from grey cast 1iron and thermally nsulating
ring 8 1s manufactured from titanium.
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Below, 1identically functioning elements are provided with
identical reference symbols and designations.

FIG. 2 shows an axial projection of the characteristic radii
of the first piston. The projection 1s made here 1n the axial
main direction of the first piston shown 1n FIG. 1. It 1s noted
here that this 1s not a cut, but only a projection of character-
istic radi1 of different design features. In particular, this rep-
resentation shows the axial component of gap 7, which 1s
reproduced as a cylindrical ring in the projection here. The
projections of first opening 13 and second opening 14 for
inflow and outtlow of o1l can also be seen.

FIG. 3 shows an area of the piston ring carrier of the first
piston shown m FIG. 1. Gap 7 1s situated between upper part
1, which comprises piston head 2, and lower part 3 of the
piston. Piston ring carrier 6 and thermally insulating ring 8 are
inserted 1into recess 9. Thermally insulating ring 8 1s furnished
with a U-shaped, downward-open cross section.

FI1G. 4 shows a longitudinal section of a second piston. The
second piston substantially corresponds to the first piston
shown 1n FI1G. 1, but 1n contrast thereto 1t comprises a second
o1l cooling space 16. This second oil-cooling space 16 1is
arranged between a piston ring carrier 6 and a gap between
upper part 1 and lower part 3 of the piston. It 1s directly behind
piston ring carrier 6, so that the latter can be directly oil-
cooled. Second oi1l-cooling space 16 1s independent of a first
o1l-cooling space 17, which 1s formed underneath a piston
head 2 by a delimiting metal sheet 11. Greatly improved
temperature control of piston ring carrier 6 1s achieved, in
particular, by second oil-cooling space 16. Contrary to the
representation shown here, the oil-cooling space can also be
designed such that 1t includes or replaces gap 7. Second
o1l-cooling space 16 can likewise be designed so that direct
cooling of the thermally insulating ring 8 1s possible. Second
o1l-cooling space 16 can also extend further downward into
the area of a connection between upper part 1 and lower part
3 of the piston. In the example shown, second oil-cooling
space 16 1s formed by a cavity in lower part 3, which 1s
manufactured from a light metal alloy 135. Alternatively, the
cavity 1s formed between two parts of the piston, for example
between upper part 1 and lower part 3.

FIG. 5 shows a distribution of a heat flow in a piston
corresponding to the first piston shown in FIG. 1. A heat tlow
18 introduced 1nto a piston head 2 during a tuel combustion
process 1s prevented by a gap 7 from flowing oil via a piston
ring carrier 6 with piston ring, not shown here, held therein,
and 1nto the associated cylinder, likewise not shown here.
Moreover the heat flow 1s prevented by a thermally insulating
ring 8 having a markedly smaller thermal conductivity than
that of the light metal alloy 15 used for constructing the piston
from flowing ofl via piston ring carrier 6. Heat flow 18 1s
preferably dissipated into an oil-cooling space 10, which 1s
tformed by ametal sheet 11 placed underneath the piston head.
A heat flow 19 tlowing off via piston ring carrier 6 1s forced by
means of gap 7 and thermally imnsulating ring 8 to follow a heat
path through the connection 5 between an upper part 1 and a
lower part 3 of the piston.

The mvention claimed 1s:

1. A piston for an internal combustion engine, comprising;:
an upper part (1) having a piston head (2) and a lower part (3),
cach made of a light metal alloy (15), which are connected to
one another such that at least one insulating element 1n the
form of a gap 1s present between lower part (3) and upper part
(1), adjacent to which at least one piston ring carrier (6)
holding at least one piston ring and made of a material dif-
ferent from that of upper part (1) and lower part (3), 1n par-
ticular of steel or grey cast iron, 1s arranged as a component.
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2. The piston according to claim 1, wherein said light metal
alloy (15) comprises aluminum and/or magnesium and/or
beryllium.

3. The piston according to claim 1, wherein at least one
thermally 1nsulating ring (8) 1s arranged between said piston
ring carrier (6) and said upper part (1) and/or said lower part

(3).

4. The piston according to claim 1, wherein a thermally
isulating ring (8) 1s manufactured from titanmium.

5. The piston according to claim 1, wherein a thermally
insulating ring (8) 1s manufactured from a ceramic.

6. The piston according to claim 1, wherein said upper part
(1) 1s screwed to said lower part (3).

7. The piston according to claim 1, wherein said upper part
(1) 1s welded to said lower part (3), or a subsequently welded
threaded connection 1s used.

8. The piston according to claim 1, further comprising a
cooling chamber through which a coolant flows, whose lower
delimitation on a side of said piston head (2) facing away from
a combustion space 1s a delimiting element, 1n particular, a
metal sheet (11), arranged below 1t.

9. The piston according to claim 8, wherein said cooling
chamber 1s 1n one piece.

10. A method for influencing a heat dissipation of a piston
for an internal combustion engine, said method comprising
the steps: providing an upper part (1) having a piston head (2)
and a lower part (3), each part made from a lightweight
construction alloy (15); preventing a heat tlow introduced 1n
a combustion process 1nto the piston head (2) by means of at
least an mnsulating element, 1n particular a gap (7), in a piston,
between the upper part (1) and the lower part (3), from flow-
ing oil via at least one piston ring carrier (6) with at least one
piston ring held therein into a cylinder associated with the
piston.

11. The method according to claim 10, wherein the heat
flow mtroduced into the piston head (2) 1s prevented by means
of at least one thermally 1insulating ring (8) from tlowing off
via at least one piston ring carrier (6) with at least one piston
ring held therein into a cylinder associated with the piston.

12. The method according to claim 10, wherein at least a
part of the heat flow introduced 1nto the piston head (2) 1s led
by means of the insulating element, 1n particular gap (7), into
an o1l-cooling space arranged underneath the piston head (2).

13. A method for influencing a heat dissipation of a piston
for an internal combustion engine, said method comprising
the steps: providing an upper part (1) and a lower part (3),
cach part made from a lightweight construction alloy (15);
preventing a heat flow introduced 1n a combustion process
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into a piston head (2) by means of at least an insulating
clement, 1n particular a gap (7), 1n a piston, between the upper
part (1) and the lower part (3), from flowing oif via at least one
piston ring carrier (6) with at least one piston ring held therein
into a cylinder associated with the piston;

wherein the heat flow introduced into the piston head (2) 1s

prevented by means of at least one thermally 1nsulating
ring (8) from flowing off via at least one piston ring
carrier (6) with at least one piston ring held therein into
a cylinder associated with the piston.

14. The method according to claim 13, wherein at least a
part of the heat flow introduced into the piston head (2) 1s led
by means of the insulating element, 1n particular gap (7), into
an o1l-cooling space arranged underneath the piston head (2).

15. A piston for an internal combustion engine, compris-
ing: an upper part (1) having a piston head (2) and a lower part
(3), said upper part (1) screwed to said lower part (3) and each
made of a light metal alloy (15), which are connected to one
another such that at least one insulating element 1s present
between lower part (3) and upper part (1), adjacent to which
at least one piston ring carrier (6) holding at least one piston
ring and made of a material different from that of upper part
(1) and lower part (3), 1n particular of steel or grey cast 1ron,
1s arranged as a component.

16. The piston according to claim 15, wherein said light
metal alloy (15) comprises aluminum and/or magnesium and/
or beryllium.

17. The piston according to claim 15, wherein the msulat-
ing element 1s a gap (7).

18. The piston according to claim 15, wherein at least one
thermally insulating ring (8) 1s arranged between said piston
ring carrier (6) and said upper part (1) and/or said lower part
(2).

19. The piston according to claim 135, wherein a thermally
insulating ring (8) 1s manufactured from titanium.

20. The piston according to claim 15, wherein a thermally
insulating ring (8) 1s manufactured from a ceramic.

21. The piston according to claim 15, wherein said upper
part (1) 1s welded to said lower part (3), or a subsequently
welded threaded connection 1s used.

22. The piston according to claim 15, further comprising a
cooling chamber through which a coolant flows, whose lower
delimitation on a side of a piston head (2) facing away from a
combustion space 1s a delimiting element, in particular, a
metal sheet (11), arranged below 1it.

23. The piston according to claim 22, wherein said cooling
chamber 1s 1n one piece.
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